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) Sphingomonas sp. TFEE ( , TFEE )
Burkholde$r’ia$ sp. MNl ( , MNl ) . TFEE ,
3-methyl-4-nitropenol $($ $, 3M4N)$
, $3M4N$ . , MNl ,
, $3M4N$ 2
( , MHQ) . TFEE , MNl , MHQ





([1], [2]). , [1], [2]
.
$S_{0},$ $S_{1}$ $S_{2}$ , $3M4N$ , MHQ
. TFEE MNl $x_{1},$ $x_{2}$ . $f_{i}(S_{j})$
$(i,j=1,2)$ monod , $f_{i}(S_{j})$ $:=m_{i}S_{j}/(a_{i}+S_{j})$ .






$S_{0},$ $S_{1},$ $S_{2}$ mmol
$x_{1},$ $x_{2}$ $10^{7}$ cells $mL^{-1}$
$f_{j}(S_{i})$ (monod )
$m_{1},$ $m_{2}$ hour$-1$




$d_{0},$ $d_{1},$ $d_{2}$ hour$-1$






$x_{2}(0)$ . $\beta,$ $\gamma$ (Eql)
, MHQ TFEE , MNl
. (Eql) , 3 . ,
$E_{0}=( \frac{\lambda}{d_{0}},0,0,0,0)$ , $E_{0}$ .







2 , (ii) 2
. 2 ,
$E_{S}:=(S_{0}^{+}, S_{1}^{*}, S_{2}^{*}, x_{1}^{+}, x_{2}^{+})$ $E_{U}:=(S_{0}^{-}, S_{1}^{*}, S_{2}^{*}, x_{1}^{-}, x_{2}^{-})$
2 . ,
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$E_{U}$ , $E_{S}$ ,
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. $fi(0)=f_{2}(0)=0$ $fi(S)$ $f_{2}(S)$ $S$



















. , $t\geq 0$ $x_{1}(t)<\delta_{1}$
$x_{2}(t)<\delta_{2}$ . , $x_{1}(\overline{t}_{1})=\delta_{1}$ $x_{2}(\overline{t}_{2})=\delta_{2}$
$\overline{t}_{1}>0$ $\overline{t}_{2}>0$ . 3
, $x_{1}(\overline{t}_{1})=\delta_{1}$ $x_{2}(\overline{t}_{2})=\delta_{2}$ $\overline{t}_{1}>0$ ,
181
$\overline{t}_{2}>0$ .
. $x_{1}(0)<\delta_{1}$ $x_{2}(0)<\delta_{2}$ , $\overline{t}_{1}$
$\overline{t}_{2}$ $x_{1}(\overline{t}_{1})=\delta_{1}$ $x_{2}(\overline{t}_{2})=\delta_{2}$ , $\overline{t}=\min\{\overline{t}_{1},\overline{t}_{2}\}$




$S_{1}(0)=0$ , $t\in[0$ ,
$S_{1}(t) \leq\int_{0}^{t}e^{-d_{1}(t-\sigma)}\frac{\beta\lambda}{d_{0}}\delta_{1}d\sigma$
$= \frac{\beta\lambda}{d_{0}d_{1}}\delta_{1}(1-e^{-d_{1}t})\leq\frac{\beta\lambda}{d_{0}d_{1}}\delta_{1}$ .












, $\delta_{1}\geq x_{1}(t\gamma<x_{1}(0)<\delta_{1}$ $\delta_{2}\geq x_{2}(t\gamma<x_{2}(0)<\delta_{2}$
, . $t>0$ $x_{1}(t)<\delta_{1}$
$x_{2}(t)<\delta_{2}$ .






















$C^{+}:=\{(\phi, \psi)\in C([-\tau, 0];\mathbb{R}_{+}^{2})|\phi(s)>0, \psi(s)>0, -\tau\leq s\leq 0\}$ ,
$y_{i}(0)= \int_{-\tau}^{0}k\beta\exp[-\int_{\sigma}^{0}\frac{d_{1}}{\phi(s)\psi(s)}ds]\phi(\sigma)\psi(\sigma)d\sigma$
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. $x(t),$ $y_{i}(t),$ $y(t)$ , ,
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. $k$ , ,
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, (maturation delay) . $d_{1}$




$x$ $y$ , (Eq2) .
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. ,
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, Gourley and Kuang . ,




$E_{0}:=( \overline{x}, 0)=(\frac{r}{\alpha}, 0)$
$E_{0}= \{(x, y)\in \mathbb{R}_{+}^{2}|\lim_{yarrow 0}(r-\alpha x-\beta y,$ $k \beta xy\exp[-\frac{d_{1}\tau}{xy}]-d_{2}y)=(0,0)\}$
. $E_{0}$















$x(s)=\phi(s)=c_{1}>0$ , $y(s)=\psi(s)=c_{2}>0_{7}$ $-\tau\leq s\leq 0$ $(I_{c})$
. , 2 $xy$
. 2 , $\tau=1.5$ $\tau=3.5$
. .
, (Eq2) , (generic ) 2
. $E_{s}^{*}$ $E_{u}^{*}$ . ,
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